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TECHNICAL  STATUS 


This  report  summarizes  the  results  of  two  Journal  papers  on 
separating  waveguides  (references  3 and  4)  which  we  recently  submitted 
for  publication. 

OBJECTIVES 

The  main  aim  of  this  study  is  to  develop  and  characterize  an 
electro-optic  branching  waveguide  switch  in  a LiNb03  optical  waveguide 
system.  Such  a switch  could  be  devised  in  several  ways:  as  a single 

electro-optically  controlled  branch,  or  by  two  3-db  couplers  (branches 
or  otherwise)  connected  by  an  active  r^ase  shifter  in  one  arm. 
operation  with  planar  waveguides  or  three-dimensional  channel  waveguides 
could  be  considered. 

THEORETICAL  STUDIES 

A.  Mode  Conversion  in  Branching  Waveguides 

Branching  waveguides  have  previously  been  studied  expartoentally 
only  for  cases  of  very  slow  tapers  and  asymmetric  branches. U)  It  is 
expected  that  under  more  general  conditions  of  arbitrary  tapers  and 
symmetry  input  modes  will  undergo  mode  conversion  to  other  guided  and 
radiation  modes  as  they  propagate  through  the  branch.  This  problra  of 
mode  conversion  in  branching  waveguides  has  been  extensively  studied 
theoretically  under  this  contract.  Using  quasi-normal  modes  and  a 
step  transition  model  to  approximate  the  taper , coupled  amplitude 
equations  that  describe  mode  conversion  were  derived  and  programmed. 
This  allowed  us  to  study  mode  conversion  as  a function  of  taper  slope 
and  mode  synchronism,  which  is  adjusted  by  branch  asymmetry.  When  the 
taper  slope  is  large  in  a near  symmetric  structure,  considerable  mode 
conversion  will  occur  and  the  structure  will  act  as  a power  divider 
(Fig.  lb).  Incident  power  concentrated  in  the  upper  and  lower  parts 
of  the  structure  will  end  up  in  the  upper  and  lower  arms  of  -the  branch, 
respectively.  This  behavior  is  usually  required  for  conventional 
evanescent  couplers.  However,  in  a more  asymmetric  structure  with 
smaller  taper  slope,  mode  conversion  is  negligible  and  the  structure 
will  act  as  a mode  splitter  (Fig.  la).  Mode  power  is  then  transferred 
to  one  arm  of  the  branch  or  the  other.  By  using  more  conventional 
coupled  mode  theory  we  were  then  able  to  approximately  define  the 
transition  boundary  between  a mode  splitter  and  a power  divider  by: 

AB/6y  > .43 

Here  AB  is  the  difference  in  mode  propagation  constant  for  large  wave- 
guide separation,  6 is  the  taper  slope,  and  y is  the  decay  constant 
of  the  field  in  the  separating  region.  Fig.  2 is  a plot  of  computer 
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calculated,  mode  converted  amplitudes  vs  i j 

B.  Tapered  Velocity  Coupler 

tap„L^:;St1\L“ur‘s''‘„Mc^  a"::  “ '^'■'  >-“«■  «£ 

film  coupling  and  also  no! / expected  to  be  useful  for  flber- 
(50-50  poweTdlvLLsr  TaoL^^^  construction  of  3-db  couplers 

100%  power  transfer  between  two  guLlne^^  couplers  are  capable  of  nearly 
to  provide  mode  synchronism  over  a crl^lcS^couDir*^*^?^*^  requirement 
synchronism  need  only  be  achieved  ^ h ® 

middle  of  the  couoler  Th<a  nn  f-i  point  somewhere  In  the 

(Fig.  3)  depLroi “ha  “"'r'’ 

Is  coupled  Into  mode  1 wh^o^l  -t  4 ct^verslon  In  the  device.  Power 
thlcknLs  of  vav^Le  a L L°  J''  J"  “Fagulda  a.  and  a,  tha 

b.  Power  is  thus  transferred  from^*  ta  transferred  to  waveguide 
as  there  Is  no  power“rts"e^  f":  ^Se'^t  ri;:“d%ntr 

Zrh«ra\;e“7e:tll°t'  ^Fanchlng';a,eg"uld:^r»f 

the  tapered  velocurc^pLri'  temrot‘°^h‘’““r  ‘ 

In  mode  synchronism  ddS/dr  and  rh  maximum  permissible  slope 

two  guiding  r«J„^’  The  ^ Iha  c^pllng  constant,  K,  between  the 
will  occur^wSX  Fassage  of  the  modes  1 or  J 


dAB  ^ 
dz 
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C.  Optical  Waveguide  Power  Dividers 

ampllL^°  ™du1:“rc:L?r'^ctrSuJ  tlT  '°"Fonent  of  any 

by  Interfering  two  ph^sfsMtrt  f ”avs8uldes  which  operates 

a device  (Fig,  4)  follows  from  thrtaperervelocltv  F‘>ssJ>>Fllty  for  suet 
designed  with  the  analysis  described  In  B Th^ad^  toupler  and  can  be 
synchronism  only  at  a oolnf  nnH  n .I’m  advantages  of  requiring 

Fig.  4 depicts  a croL-sectiro?  °ver. 

Input  mode  from  the  left  confined  dimensional  slab  waveguide.  An 

^ - o Where  syncLonLf  betwl  tL 

At  this  point  the  symmetrlrnl  a abruptly  Introduced, 

the  coupled  stJuctu^r“r«cltL  “"“-?>««tlcal  (b)  modes  of 
Synchronism  Is  then  sU^l'y^^  fed  bf faLfng'tL^”  f 
that  mode  a selects  arm  ,1.  while  mL^  fSect  ar^ 

Should  he  reciprocal,  and  split  Incident  modertrre  her  clr  cf ^n' 
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EXPERIMENTAL  WORK 

We  heve  built  and  are  testing  Ni  diffused  LlNbO^  optical  waveguides 
as  reported  by  Schmidt  and  Kamlnow. (2)  Low  loss  multimode  guides  have 
been  obtained  and  efforts  are  being  directed  towards  achieving  single 
mode  operation.  The  work  In  LlNbOo  Is  being  complimented  by  additional 
diffusion  work  In  glasses.  This  glass  work  Is  aimed  at  perfecting 
fabrication  procedures  for  forming  single  mode  channel  waveguide 
structures. 

Under  a related  program,  we  (G.  B.  Hocker  and  W.  K.  Burns)  have 
produced  a theory  that  fully  describes  light  guiding  In  diffused  wave- 
guides of  arbitrary  Index  profile.  A universal  chart  was  developed 
which  allows  us  to  obtain  relevant  waveguide  parameters  without  any 
additional  numerical  computation. 

Ve  also  are  planning  to  build  the  optical  waveguide  power  divider 
shown  In  Fig.  4 In  a S102-glass  waveguide  system  to  test  the  theoreti- 
cal branching  waveguide  predictions.  To  date  construction  of  a fast 
taper  (1  micron  In  5)  has  been  achieved  In  an  SIO2  film.  This  was  done 
by  sputter  etching  a photollthographlcally  delineated  AI2O3  mask.  With 
most  of  the  analysis  and  design  work  completed,  we  plan  to  concentrate 
our  efforts  In  the  next  quarter  on  the  various  experimental  aspects  of 
separating  and  Indlffused  guides. 

MISCELLANEOUS 

The  material  on  mode  conversion  in  branching  waveguides  will  be 
published  In  J.  Quantum  Electronics. (3)  The  material  on  the  tapered 
velocity  coupler  has  been  submitted  to  Applied  Optics, and  was  also 
partially  supported  by  the  Office  of  Naval  Research. 

In  collaboration  with  ONR  (Code  411)  a development  plan  entitled, 
"Integrated  Optics  and  Single  Mode  Fiber  Development  Plan,"  was 
written  In  which  future  plans  are  discussed  for  demonstrating  a 
shipboard  single  mode  optical  data  bus  and  a switchboard.  This  develop- 
ment plan  Is  designed  to  take  advantage  of  ARPA  and  ONR  developed  Inte- 
grated optics  technology  and  apply  this  technology  to  a meaningful 
Naval  data  transfer  system. 
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Fig  1 - Mode  conversion  in  a branching  or  separating  waveguide  depicting  operation  as  « 
sDlitter  (la  - essentially  no  mode  conversion),  and  a a power  divider  (lb  - significant  m^e  con- 

cladding  layers.  An). 


TOP  GUIDE  THICKNESS  (/xm) 

A upwed  v«loctty  coupler  compoaed  of  two  (uiding  layers  with  a llnecj  decrease  in  the  thickness  of  the  top  guidii 
electric  field  profiles  are  plotted  at  rarious  poaitiofu  along  the  coupler,  (b)  Effectiee  index  (p/k)  for  the  various  r 
1 of  position  along  the  tapered  velocity  coupler  of  (a).  Curves  labeled  i and  J represent  the  local  normal  modes;  a 
he  conventional  modes  of  the  two  three  layer  waveguides  take.,  separately. 


